Little is known about the associations between natural amenities, recreation facility density, and obesity, at a national level. Therefore, the purpose of this paper was to examine associations between countylevel natural amenities, density of recreation facilities, and obesity prevalence among United States counties. Methods: Data were obtained from a compilation of sources within the United States Department of Agriculture Economic Research Service Food Environment Atlas. Independent variables of interest were the natural amenities scale and recreation facilities per capita. The dependent variable was county-level obesity prevalence. Potential covariates included a measure of county-level percent Black residents, percent Hispanic residents, median age, and median household income. All models were stratified by population loss, persistent poverty, and metro status. Multilevel linear regression models were used to examine the association between obesity and natural amenities and recreation facilities, with "state" as a random effects second level variable. Results: There were statistically significant negative associations between percent obesity and 1) natural amenities and 2) recreation facilities per capita. Conclusions: Future research should examine environmental and policy changes to increase recreation facilities and enhance accessible natural amenities to decrease obesity rates.
to calculate county-level climate amenable to outdoor physical activity (PA) as between 23 and 85 degrees F, finding that amenable climate was associated with lower BMI at the individual level. However, because the study examined only Behavioral Risk Factor Surveillance Survey data for individuals with county-level identifiers, the results were skewed toward urban counties. 5 McGinn et al 6 found a positive association between perceived (but not objectively-measured) topological variation (hills) and PA, concluding that an individual's perception of his/her environment may be more important than the objectively-measured environment. In New Zealand, residents with better access to beaches had lower BMI and were more likely to meet recommended PA levels than those with worse access to beaches. 7 Finally, in an analysis of North Carolina counties, Jilcott et al 8 found an inverse association between county-level BMI and natural amenities (a measure of climate, access to water, and topological variation). Thus, based on previous research, 5, 6, 8 natural environmental characteristics may be more conducive to outdoor activity, making physical activity more likely to be performed by county residents, and promoting a lower BMI among residents of high amenity counties.
One element of the physical environment related to physical activity is proximity to, or density of recreation facilities. 9 Many have identified an inverse relationship between physical activity and residents' proximity to recreational facilities. 10, 11 For example, researchers Obesity is a major public health problem in the United States, and the prevalence of overweight and obesity has increased steadily between 1990-2008. 1 Because of the deleterious effects of obesity on physical and psychological health 2, 3 and low impact of individuallevel health behavior interventions on obesity, environmental change strategies are being promoted to increase physical activity. Such strategies may enable individuals to regain energy balance, and thus decrease populationlevel obesity. 4 Elements of the physical environment, such as a pleasant climate, 5 topographical variation, 6 and proximity to water 7 have been postulated to be associated with increased physical activity and decreased body mass index (BMI) in previous studies. Among a large national sample, Lin et al 5 used national hourly weather records reported a direct relationship between park proximity and duration of use, with more visitors who lived closer to the park staying longer. 12 They also reported an indirect association between perceived park proximity, frequency of park use, physical activity, and perceived health. 12 Hoehner et al 10 reported an indirect association between the presence of recreational facilities (parks, trails, and private fitness facilities) within a 5-minute walk of an individual's residence, use of the facility, and meeting PA recommendations. Others examined associations between rural adults' health behaviors and their perceptions of the built environment, including perceived distance from the home to the nearest 5 recreation facilities. 13 They found that the further away the nearest recreational facility was, the more likely an individual was to be obese and physically inactive. 13 On an ecological level, more park acreage within a community has been associated with higher physical activity levels. 14 In addition, Maroko and colleagues 15 reported a positive relationship between the density of physical activity resources and more physical activity and lower diabetes and cardiovascular disease rates.
The mechanism relating natural amenities, density of recreation facilities, and obesity may be through increased physical activity of residents, or through decreased stress levels; that is, counties with more natural amenities and more recreation facilities may be more conducive to physically active and less stressful lifestyles. We are aware of no empirical studies that have examined the relationship between natural amenities, density of recreation facilities, and obesity, at a national level. It is important to begin examining such relationships to inform future programs and policies to support increased physical activity and lower obesity rates. Thus, the purpose of this paper is to examine associations between county-level natural amenities, density of recreation facilities, and obesity prevalence.
Methods
Data were obtained from a compilation of sources within the United States Department of Agriculture Economic Research Service (USDA ERS) Food Environment Atlas. The Food Environment Atlas contains information about density of various food venues and county-level health and demographic variables for counties in all 50 states. The Food Environment Atlas also contains physical activity related variables, including natural amenities and recreation facilities per thousand.
Independent variables of interest were the natural amenities scale and recreation facilities per capita. The natural amenities scale was created by the USDA Economic Research Service and is based on county-level topography, access to water, and climate factors (eg, warm winters, low-humidity; (http://www.ers.usda.gov/ Data/NaturalAmenities/). The natural amenities scale is one measure of the appeal of the outdoor physical environment and includes 4 climate-related variables (warm winter, winter sun, temperate summer, low summer humidity), a measure of topographical variation, and water area. 16, 17 The scale is calculated by summing standardized scores on each of these variables. A county will have a higher natural amenities scale score when its winters are warmer and sunnier, summers are cooler and drier, topography is varied, and when it has water areas such as lakes and/or sea coast. Natural amenities have been used in studies of migration patterns 16, 18 and housing values. 19 We used the continuous form of the scale. The county with the highest natural amenities score is Ventura, CA, and the county with the lowest score is Red Lake, Minnesota.
In the Food Environment Atlas, recreation facilities per thousand were assessed at the county level in the year 2007, wherein the number of recreation facilities in a county was divided by the county population. Recreation facilities were defined by North American Industry Classification System (NAICS) Code 713940. Thus, such facilities primarily were those sports facilities featuring exercise and other physical fitness or recreational activities, such as swimming pools or skating rinks. Data and calculations were provided by the Applied Research Program, Risk Factor Monitoring and Methods Branch, Division of Cancer Control and Population Sciences, National Cancer Institute using data from the U.S. Census Bureau County Business Patterns.
The adult obesity rate, the dependent variable of interest, was estimated at the county-level and was obtained by ERS Food Environment Atlas by combining BRFSS data for 2006, 2007, and 2008 to estimate the number and prevalence of obesity cases among adults aged 20 years and above, in a method previously reported. 20 We did not use physical activity rate as the dependent variable because the Atlas does not include county-level physical activity data.
Potential covariates included percent Black residents, percent Hispanic residents, median age, and median household income. Counties were classified into metro or nonmetro categories, where metro counties are defined as counties with urbanized areas of at least 50,000 residents and surrounding counties with 25% or more of their workforces commuting to central counties. All other counties are considered "non-metropolitan" (nonmetro). Nonmetro counties have no cities with 50,000+ residents and are outside the boundaries of metro areas. The most recent data available were used to construct variables related to population loss and persistent poverty: A dichotomous variable indicated whether each county experienced population loss between the years 1990-2007. The most recent measure of county-level persistent poverty was used, and indicated counties where there was 20% or greater poverty rate in both the years 2000 and 2008. Metro/ nonmetro status, population loss, and persistent poverty were obtained from the Food Environment Atlas, derived by the USDA's Economic Research Service, with more details provided on the website (http://www.ers. usda.gov/foodatlas/documentation.htm).
Statistical Analyses
Data on the lowest level of analysis (the county level) were nested or hierarchically clustered within states. Counties nested within the same state are more likely to be similar than those from a randomly selected sample of counties. State-level variance was expected to influence spatial differences in levels of adult obesity. 21 Failing to account for higher-level structural factors often neglects important sources of variance, and standard regression procedures require the assumption of observational independence (ie, cases under study are unrelated to each other). As a result, regression models that ignore hierarchical structures present in the data from which they are drawn are more susceptible to over-inflated estimates at the lowest level of analysis (Type I error). 22 In the current study, theoretically assumed comparisons were analyzed at the county-level rather than state-level. Therefore, multilevel modeling is an appropriate technique to adjust for the random effects of nonindependent clustering as nuisance factors 23 and provides more stable estimations of fixed effects than other multivariate techniques (eg, generalized estimating equations or single-level regression with robust standard errors). 24 All statistical analyses were conducted using SAS version 9.1 (SAS Institutes, Cary, NC). We first examined correlations between all variables of interest. To account for state-level variability and for nonindependence of counties nested within states, multilevel linear regression models (proc mixed) were used to examine the association between obesity rates and natural amenities and recreation facilities. The variable indicating the state level [Federal Information Processing Standard (FIPS) code] was a random effect, and all other covariates were fixed effects.
All models were stratified by metro status, population loss, and persistent poverty. Stratifying models by population loss is one way to examine possible selection bias of generally healthy, physically active residents into areas with high natural amenities and recreation facility density. Thus, to the extent that self-selection bias is a factor in these analyses, we would expect that relationships between obesity and natural amenities and recreational facilities would be attenuated in counties with population loss or persistent poverty. That is, a significant negative association would remain in models including counties which are not losing population, but would be attenuated in counties that have experienced population loss. In the same way, a significant negative association would remain in models including counties which have not experienced persistent poverty, but would be attenuated in counties that have experienced persistent poverty. We examined the association between countylevel prevalence of obese adults and 1) natural amenities and 2) density of recreation facilities. All covariates (percent Black, percent Hispanic, median age, and median household income) were retained in the final models. We examined associations between prevalence of obesity and 1) natural amenities and 2) density of recreation facilities, stratified by county metro status, population loss, and persistent poverty. Table 1 displays county-level characteristics for continuous and dichotomous variables for the contiguous United States Counties. (One new county, Bloomfield, CO, was missing data for natural amenities, and natural amenities score is not calculated for Hawaii and Alaska, leaving a final n = 3106). Table 2 provides correlation coefficients between the variables of interest. There was a negative correlation between county obesity rate and recreation facilities per thousand capita, natural amenities, percent Hispanic, median income, and median age. There was a positive association between obesity and percent Black. Table 3 presents the results of multilevel model estimates. The results of the unconditional means model for the entire sample of counties indicated that there were county-and state-level differences in intercepts (percent obese varies for both states and counties within states). The interclass correlation (ρ = .66) indicated the need to include state as a random second-level unit. Examination of fixed effects for Model 1 indicated there were statistically significant inverse associations between percent obese adults and natural amenities [parameter estimate = -0.26 (0.03) and recreation facilities per capita = -3.56 (0.39)]. Controlling for county-level covariates and statelevel variation, for every 1 standard deviation increase in natural amenities, the obesity prevalence was estimated to decrease by .59%, and for an increase of 1 standard deviation for recreation facilities per capita, the obesity prevalence was estimated to decrease 0.32%.
Results
When models were stratified by metro status, the statistically significant association between obesity prevalence and natural amenities and recreation facilities per thousand remained for both nonmetro (Model 2) and metro counties (Model 3). When models were stratified by population loss (Models 4 and 5) and persistent poverty (Models 6 and 7), the statistically significant association between natural amenities, recreation facility density and obesity was attenuated, but remained statistically significant among population loss and persistent poverty counties.
Discussion
We found a significant negative association between obesity prevalence and 1) natural amenities and 2) recreation facilities. For every 1 unit increase in the natural amenities scale, the county obesity prevalence is estimated to decrease 0.26%, and for every 1 unit increase in the number of recreation centers per thousand capita, the obesity prevalence is estimated to decrease 3.5%. Although these percentages are not large, such small reductions in prevalence would likely result in large population-level improvements in health and reduction in healthcare costs.
Our results are in agreement with previous studies suggesting that favorable climate 5, 8 and access to water 7 are associated with lower BMI. The current study's results also support findings of others, suggesting that greater access to recreational facilities (eg, parks, private fitness facilities) is associated with more physical activity and a lower BMI. 10, 13, 15 Our findings suggest that policies and environmental changes to increase recreation facilities and enhance natural amenities should be explored as they are associated with lower obesity prevalence at the county-level. We did not explore potential mechanisms by which this negative relationship between obesity and natural amenities and recreation facilities occurs. Two such mechanisms are via 1) increased physical activity 8, 10 and/or 2) decreased stress 25 among residents in counties with higher natural amenities and higher density of recreation facilities. These and other potential mechanisms should be explored to further explain the associations found in the current study.
The current study is limited by the ecological nature of analyses, with no examination of individual-level variables. However, some might contend that for policy planning and evaluation, county-level data would be most pertinent. An additional limitation is the lack of national documentation of recreation and park facilities. The adopted measure (recreation facilities per thousand) is derived from NAICS codes and indicates the density of recreation, fitness and sport sector facilities per capita. However, this measure does not include public parks and public recreation facilities. The total area covered by urban parks is more than 1 million acres, and there are more than 30,000 parks and playgrounds in U.S. cities (not including rural amenities). 26 However, for this study's purposes, the density of recreation facilities may serve as a reasonable proxy until a comprehensive recording system for public recreation spaces is established. We did not use the physical activity variable in the Food Environment Atlas because it was measured at the state-level. Future work would benefit from inclusion of a variable indicating physical activity and / or use of recreation facilities in each county. Finally, the metro/ nonmetro categorization of counties might lead to significant misclassification regarding what is truly a rural versus an urban area. 27 Despite these limitations, the significant associations between obesity prevalence and 2 environmental variables related to physical activity indicate that policies should be structured to enhance and increase access to and availability of pleasant natural environments and recreation facilities. For example, in counties with low natural amenities, local policy actions should especially favor development of accessible recreation facilities. In counties with high natural amenities, land use and development policies should increase access to existing amenities.
Our results demonstrate that on a national level, natural amenities and recreation facility density are negatively related to 1) percent Black residents and 2) income. If natural amenities and recreation facility density are negatively associated with obesity, and if lowerincome and minority individuals live in low-amenity areas, a potential social justice issue emerges. Others have found that exposure to green space may mitigate health disparities seen in the United Kingdom, 28 and socioeconomically disadvantaged rural North Carolina counties had fewer public recreational resources when compared with more advantaged counties. 29 In the future, this potential association should also be examined among United States populations.
